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Abstract
The existing methods of interaction between children with multiple disabilities and toys are complex, expensive and few promote
the rehabilitation process. Thus Faculty of Science and Technology, New University of Lisbon (FCT) and the Center for Physical
Medicine and Rehabilitation of Alcoito (CMFRA) joined forces to develop a platform that we hope represents a signiﬁcant con-
tribution to ﬁll this gap. The aim of the paper is to create a platform that consists of a PDA and two types of interaction modules;
one capable of receiving inputs form switches, and retransmit them to the PDA; another capable of interpreting signals sent by the
PDA and produce variations of outputs, that connected, for example to adapted toys, can enable or disable them. These modules
can improve the way that children, with multiple disabilities, play; because even small stimuli from the child can generate complex
interactions of toys. These modules can be used for apps speciﬁcally designed for the children and for their rehabilitation process,
therefor expanding the area of interaction of the PDA, improving accessibility, and ludic approach. The platform meets the estab-
lished criteria of the clinicians of CMFRA and will be adopted as a tool by them. We created a platform that improves signiﬁcantly
the mode of playing for children with multiple disabilities and facilitates their rehabilitation process.
c© 2014 The Authors. Published by Elsevier Ltd.
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Nomenclature
App Android Application
AT Assistive Technology
CMFRA Center for Physical Medicine and Rehabilitation of Alcoita˜o
FCT Faculty of Science and Technology, New University of Lisbon
Led(s) Light Emitting Diode
PDA Personal Digital Assistant
UTO Unit of Occupational Therapy
1. Introduction
People with multiple disabilities and, in particular, children, are confronted in their daily life with obstacles. These
obstacles do not allow the fostering of an egalitarian society. The disparities with the rest of society can easily be
found through the architectural barriers, unequal opportunities, and diﬃculty in access to health and education. [1,2]
These problems further promote the tendency for a child with multiple disabilities to become isolated. This iso-
lation results from the inability to accomplish indispensable tasks in their life. These diﬃculties in controlling their
surroundings often result in the dependence of the child on a full-time caretaker. [3]
The existing systematic methods that can promote interaction between the child and their surroundings are com-
plex, expensive and therefore rarely used. The aim of this project is to ﬁll this gap, allowing the child to interact in
diﬀerent contexts and contributing to be an asset in the rehabilitation process.
1.1. The Assistive Technology Paradigm
The work ﬁts into the concept of Assistive Technology (AT)
”As used in this part, Assistive technology device means any item, piece of equipment, or product
system, whether acquired commercially oﬀ the shelf, modiﬁed, or customized, that is used to increase,
maintain, or improve the functional capabilities of a child with a disability” [4]
Its main purposes are: helping the children with multiple disabilities in their play, to be a useful tool in the context
of rehabilitation and to facilitate this process also at home.
Nowadays, the barriers and aversion to the use of such technologies are increasingly blurred. With each passing
decade the AT and the process of rehabilitation of persons with multiple disabilities are increasingly fused. We can
ﬁnd many of devices that fall within the concept of AT being used in all contexts of society (rehabilitation, school,
family, etc.) [1] and regardless of age, social quadrant or type of disability, as several studies demonstrate [2,3].
Producing software for children with multiple disabilities is not the same as for the general public. According to
the Journal of School Health in its article: ”Assistive Technology Beneﬁts for Students With Disabilities” (volume of
March 1998) the software should contribute in ﬁve key areas: Generalizing, sequential skill building, control over the
environment, continuous and eﬃcient feedback and Multisensory approach to learning. [5]
1.2. The Assistive Technology Paradigm
According to the Portuguese Child Support Institute, playing is an essential condition for the development of the
child. Through play, children can develop important skills such as attention, memory, imitation and imagination. In
play, they explore and reﬂect on the reality and culture in which they operate, internalizing them and at the same time
questioning the rules and social roles. The play encourages the development, as well as learning to know, learning to
do. In addition to stimulating curiosity, self-conﬁdence and autonomy, play provides the development of language,
thought, concentration and attention. [6]
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In our society we are sometimes faced with a depreciation of the act of playing. In such cases play and learning
are perceived as antonyms. The play is not, in any way, something separate from learning; if you dissociate both, the
realities would be absurd, abusive and cruel. [7] This kind of thinking is perhaps clearest in the case of children with
multiple disabilities. For a long time, the idea was posed that children with disabilities, especially those with cognitive
disabilities, did not like to play. However the fact that a child is handicapped doesn’t make him/her any less motivated
to play, they just cannot do it in the way that most children do. Therefore, the games played by these children are
often less sophisticated than the ones play by typically developing children.
Much of the existing AT has enabled the games of children with multiple disabilities to become more sophisticated:
wheelchairs that allow a better physical access; computers and videogames, with appropriate software and hardware
and the adapted toys. They have all contributed to an approximation of this children to their peers. [8]
1.3. Our Paradigm
Within the existing AT our paper aims to situate itself in the technologies that promote play for these children. As
explained in the previous point the act of play is essential for children to develop cognitive, social, language and motor
skills.
The use of AT able to compensate for the shortcomings of children with multiple disabilities in the act of playing,
especially with toys and robots is well documented and proven. [9–11]
Our work wish to contribute in this ﬁeld, not in terms of build new adapted toys or a new robot with new capabilities.
We intend rather concern ourselves with what goes between the stimulus of each child with his condition, and the toy
or robot he/she uses for his play / rehabilitation.
These toys and robots are extremely useful although sometimes diﬃcult to adapt to each child and complicated to
set up by parents and clinicians. In this paper we are presenting a solution for these cases, with a platform able to
control all these systems, which itself has capabilities of being a tool of rehabilitation and be used as a complement to
the existing of toys and robots.
2. Goals
Our platform would be able to receive stimuli from the child, send them to a central processor and use this to control
toys, via wireless communications. As a starting point we wanted the platform to be easy to use, cheap (aﬀordable
household budget), ﬂexible (adaptable to each child and their pathology) and intuitive for the child.
3. The idealization of the platform
The use of devices like PDA (Personal Digital Assistant) as tablets and smartphones are increasingly common,
either as a daily device or as a therapeutic resource. Thus, our proposal consists of a PDA and two types of interaction
modules:
1. One capable of interpreting signals sent by the PDA and to produce variations of outputs, that connect, for
example, to toys, to produce actions;
2. Another, optional, capable of receiving inputs from switches, and to retransmit them to the PDA, allowing this
way to be an alternative to the PDA touch screen.
With the processing power of the PDA, even small stimulus produced by the children can generate complex and
stimulating movements of the toys. (See ﬁg. 1)
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Fig. 1. Our platform
4. The development of the platform
The development process of the platform can be divided into three major blocks:
• Programming the Bluetooth module (WT12 from Bluegiga) capable of sending inputs (from now on denomi-
nated ”input module”);
• Programming the Bluetooth module capable of receiving information from the PDA and producing outputs
(from now on denominated ”outputs module”);
• Finally, the development of a standard app on android platform, capable of communicating with the modules.
This is the basis for the development of concrete applications that analyses the child’s inputs and control the
toys.
4.1. Input Module
The main function of the input module is to transmit, to the PDA, all state changes of its digital ports, which can
be linked to switches. In this case, whenever a child pressed a switch, this information would be sent to the PDA.
In ﬁgure 2 we can see the example of operation desired for the module. The module has four ports, which can be
on or oﬀ, each of which corresponds to an action in the PDA, in this exemple, turn on or oﬀ a colored LED. So to
achieve this, we program the module to send a predeﬁned string whenever there is a change in the digital ports.
Fig. 2. Example of the desired operation mode for the input module
4.2. Output Module
For the second module (the output module) we take the opposite approach. Through the PDA we send a command
to the module that switches on or oﬀ the digital ports.
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4.3. Generic Base For The Applications
To complete the platform, it was necessary to create an application based upon what we would develop as ”real”
applications for the children. This application had to be able to bind to both Bluetooth modules, to recognize the
predeﬁned strings send by the inputs module and to enable/disable digital ports of the output module.
The creation of this app was based on an existing sample, provided by Google, called BluetoothChat [12].
The sample, as is, enables communication (like a chat), ”one to one” between devices with the same app. The
changes we made were: enable communication with more than one device; switching of received data and to create
buttons on the display to activate and deactivate the output module digital ports.
5. The Apps developed to the platform
In this ﬁrst phase we have developed two generic applications for the platform, i.e. applications with a wide range
of conﬁgurable options, so that they can be adapted to each child.
5.1. App Remote Control
The ﬁrst app we have created is called ”Remote Control”. This app has the function of controlling the digital ports
of the output module. The layout consists of four fully conﬁgurable buttons (see ﬁg. 3). We can change the image of
the switches and can conﬁgure the mode of operation , i.e.
• they can work like a pressure button (while the child is pressing the switch button on the app, the respective
outputs of the output module are active; when the child releases the switch button the output turns oﬀ;
• they can work like a switch button (on touch activate the outputs, another one, deactivate them);
• or they can work in a touch mode (when the children touch the switch button on the app, the outputs are turn
on, during a predetermined period of time, and then it automatically turns oﬀ).
Fig. 3. Two possible layouts of the app Remote Control
We also can conﬁgure, which outputs are activated by which switch on the app. This application gives the opportu-
nity for some children to control their adapted toys in ways that were not possible before. The fact that there are four
buttons and four outputs doesn’t imply that one switch button only controls one output. The same button can activate
and deactivate multiple outputs, or, even if we want none; and the same output can be controlled by more than one
switch button on the app.
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5.2. App Interactive Multimedia Player
The second app, is called Interactive Multimedia Player and it is a little more advanced than the ﬁrst. Beyond
the control of the toys, this app also plays videos. Thus it can be used as a rehabilitation vehicle, for skills such as
sequencing, association, etc. or as an interactive storyteller!
The app works in cycles (see ﬁg. 4):
(1) Firstly, after having upload the video of our choice and connected the external modules, we press the screen
and the video starts. It will play during the time we set up in the menu. It is also possible to set diﬀerent times for
video playback in diﬀerent cycles.
(2) After this time an image is shown. This image can be conﬁgurable by the user as long it is compatible with the
device. We can set up diﬀerent images for diﬀerent cycles.
(3) After the presentation of the image is necessary to provide an order to the application to restart the video. This
order can be given in three diﬀerent ways: (a) touching the image, (b) pressing the predeﬁned button on the input
module, (c) doing nothing, if the setting ”Continuous Play” is selected.
(4) When the restart order is given, the outputs selected on the conﬁguration menu for this cycle are turned on.
Explaining in more detail, after the restart the toys are turned on, but only the toys that were selected in the settings
menu. You can select diﬀerent toys every cycle, or even select none.
(5) The toys are active for some time. This time is conﬁgurable and is not necessarily the same for all cycles. At
the end of that time all outputs of the output module are turned oﬀ, (and so, as well, are the toys). Once again, video
is reproducing in the place where we had stopped previously.
Fig. 4. Functional diagram of the app Interactive Multimedia Player
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5.3. Example of a possible conﬁguration for Interactive Multimedia Player (see ﬁg. 5)
1. The video stats.
2. After one minute the video stops and a picture is shown, in this case a red image.
3. The child presses the red switch button.
4. The car moves for ﬁfteen seconds
5. The video resumes.
6. After two minutes the video stops again and a picture of a frog is shown.
7. The child touches the screen and the frog makes a sound.
8. Te video resumes.
Fig. 5. Example of conﬁguration
This conﬁguration is just an example of the potential of this platform. Of course, each clinician can / should
conﬁgure diﬀerent versions for each child and for whatever he is working with her (colours, numbers, family members,
etc...).
6. Results and Conclusions
This project demonstrates the potential to be an asset in the rehabilitation process. The work meets the clinical
expectations of CMFRA and performs as expected.
The applications developed contribute to a greater motivation in learning and allow diﬀerent degrees and levels of
development and diﬃculty. The applications can allow a diverse multi-sensory approach and return to the children
an important real-time feedback. This allows interactive teaching, exercise and practice, with repeat at each stage of
learning. This enables the exploration of various skills such as action-reaction, sequencing and direction skills, among
others and can be used in diﬀerent contexts such as rehabilitation clinic, home, school, etc.
As mentioned in the introduction, the purpose of our platform is ﬁrstly to provide access for a child with multiple
disabilities to other ways of playing through interaction with toys. It is important that our platform demonstrates the
ability to add value when compared to other existing toys on the market. Therefore, we asked the UTO clinics of
CMFRA to compare our platform with the toys that these children generally play with in six areas: Accessibility,
Customization, Portability, Fun, Interaction with peers and Cost. See table 1.
As can be seen from the table 1, our platform has the best average total income compared with the other toys. All
items where our platform doesn’t have the highest score, (fun, interaction and cost) can in the future be improved,
with new applications and cost reductions.
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Table 1. Comparative table of diﬀerent toys with our platform The results were ranked (5 means very good in that category and 1 very bad).
Toys Accessibility customizable Portability Fun Interaction with peera Cost
Books 1 1 5 2 2 5
Legos 1 2 3 1 1 5
Commons Toys (like cars and dolls) 1 1 5 4 4 5
Toys with batteries 2 1 5 2 2 4
Adapted Toys 4 1 5 2 2 4
Wii / Playstation 3 3 1 5 5 1
Computer (with adapted games) 5 5 1 3 3 1
Our plataform 5 5 5 3 3 2
We developed an innovative platform with the potential of fulﬁlling the objectives proposed for the project. A
platform that is ﬂexible and adaptable to the needs of each child.
In the future this project may also include other targeted populations, such as elderly people, with the creation of
new apps.
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